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In an extension of these studies, the in situ reaction of the 1,3-aryl linked bis-β-diketone, 1,1- 
Introduction
Symmetrical Schiff bases derived from 2:1 condensation of β-diketone or salicylaldehyde derivatives with a 1,2-diamine moiety represent, not only some of the earliest examples of tetradentate ligand types but also some of the most studied [1] [2] [3] [4] . Indeed such species have been known since Alfred Werner's time. [1] Ligands of this type typically lose two protons and coordinate in a square-planar manner to form neutral metal complexes with a number of divalent metal ions. Individual complexes have been investigated for a number of applications, including as oxygen carriers [5] , non-linear optical materials [6] , as catalysts (and especially asymmetric catalysts) [2, 7] , in inorganic biochemical roles [8] and as components of metallosupramolecular systems [2, 9] . In contrast to symmetrical Schiff base systems, unsymmetric systems have received significantly less attention, in part reflecting that their syntheses are usually [6, 10, 11] (but not always) [12] somewhat less facile than for related symmetrical systems.
Previous studies [11, 13, 14] have shown that o-phenylenediamine undergoes 1:1 Schiff base condensation with individual β-diketones; for example, reaction with benzoylacetylacetone yields 3-(2-aminophenylamino)-1-phenylbut-2-en-1-one (1) that incorporates a free amine site [11, 13] . As an extension of these prior studies, we now report the metal template syntheses of new Ni(II), Cu(II) and Zn(II) complexes of type 2 (see Fig.   1 ). These incorporate the deprotonated forms of the unsymmetric ligands, H 2 L 1 (R = H) and incorporating the deprotonated form of the difunctional ligand 4 is described, with the latter derived from the condensation of 1 with the 1,3-phenylene-linked bis-β-diketone derivative, 1,1'-(1,4-phenylene)bisbutane-1,3-dione. 
Experimental

Materials and instrumentation
All reagent and solvents were obtained from commercial sources and used without further purification. o-Phenylenediamine (1 mmol) and 5-tert-butyl-salicylaldehyde (2 mmol) were dissolved in hot ethanol (15 mL). The mixture was heated under reflux for 1 h, then iron(II) chloride tetrahydrate (1 mmol) in ethanol (5 mL) was added dropwise to the warm solution. The reaction mixture was heated at reflux for 2 h and then left overnight at room temperature. The dark brown precipitate that formed was then collected, dissolved in a 1:1 mixture of tetrahydrofuran and ethanol containing one equivalent of dabco as base (note: attempts to isolate the same product without the addition of dabco failed to produce crystalline materials). The resulting dark brown solution was allowed to stand for several days over which time dark red crystals of product formed. These were isolated and allowed to dry in air over several days. 
Crystallography
Data collection and structure solution
X-ray structural data were collected on either a Bruker-Nonius APEX2-X8-FR591 diffractometer employing graphite-monochromated Mo-Kα radiation generated from a rotating anode (0.71073 Å) with ω and ψ scans [16] or with ω scans using a Bruker SMART 1000 diffractometer employing graphite-monochromated Mo-Kα radiation generated from a sealed tube (0.71073 Å). Data were collected at 150 K to approximately 56° 2θ. Data integration and reduction were undertaken with SAINT and XPREP [18] and subsequent computations were carried out using the WinGX-32 graphical user interface [19] . The structures were solved by direct methods using SIR97 [20] . Multi-scan empirical absorption corrections were applied to the data set using the program SADABS [21] . Data were refined and extended with SHELXL-97 [22] . In general, non-hydrogen atoms with occupancies greater than or equal to 0.5 were refined anisotropically. Carbon and alcohol O-bound hydrogen atoms were included in idealised positions and refined using a riding model. Water hydrogen atoms were first located in the difference Fourier map before refinement with bond length and angle restraints as required to facilitate realistic modelling where they could not be located they were not modelled. X-ray data is summarised in Table 1 and specific refinement details (where required) are given below.
Specific refinement details [NiL 1 ]·EtOH
Each of the ethanol solvent molecules are disordered and modelled over two positions.
[(FeL The ethanol and pyridine solvate molecules are disordered across a special position and a number of bond length and angle restraints were required to facilitate realistic modelling.
Results and Discussion
Reaction of o-phenylenediamine and benzoylacetone in refluxing ethanol yielded the 1:1
Schiff base condensation product 1 whose X-ray structure (Fig. 2) confirmed the previously assigned 'open' single imine structure [11, 13] (rather than a 7-membered diaza ring structure of the type obtained previously from the 1:1 condensation of acetylacetone and ethylenediamine) [23] . Reaction of 1 with salicylaldehyde or 5-tert-butyl-salicylaldehyde in situ in the presence of Ni(II), Cu(II), or Zn(II) acetate resulted in metal template syntheses of the corresponding asymmetric Schiff base complexes of type 2: [NiL ]·EtOH the disordered solvent is hydrogen bonded to the coordinated oxygens and weak π-π interactions occur between dimers, resulting in a two-dimensional array that extends throughout the lattice.
The crystal structure of [ NiL 2 ] (Fig. 4) shows that the metal is again square planar being bound to the O 2 N 2 donor set of the doubly deprotonated form of H 2 L 2 ; adjacent molecules again pack closely to yield a dimeric arrangement. However, in contrast to the structures just discussed, there are no Ni-C distances of less than 3.5 Å (attributable to the steric influence of the bulky tert-butyl group); while there is a number of offset face-to-face π-π interactions present. Neighbouring dimers stack in a herringbone-like motif through edgeto-face π-π interactions. Other related oxo bridged Fe(III) species incorporating Schiff base ligands derived from salicylaldehyde or its substituted derivatives have been reported [30, 31] . The X-ray structure of the present complex (Fig. 7) shows that the iron centres in each [Fe In an extension of the above investigation (that also extends our past studies involving difunctional β-diketone ligands) [33] we have probed the use of the 1,3-phenylene-linked, bis-β-diketone derivative, 1,1-(1,3-phenylene)-bis-butane-1,3-dione [22] , in place of benzoylacetylacetone, for undertaking related studies to those just described. In an initial attempt to obtain a phenylene-bridged bis-Schiff base analogue of 1 (see Fig. 1 The X-ray stucture of this product (Fig. 8) , which crystallises as its monohydrate, confirmed that two partially conjugated, 7-membered, diaza-heterocyclic rings had been generated. This arrangement thus contrasts markedly with that obtained (Fig. 2) for the mono-Schiff base 1 discussed earlier, formed by 1:1 condensation of o-phenylenediamine and benzoylacetone (see Fig. 1 ). (Fig. 9) . contrasts with that adopted by the precursor bis-β-diketone ligand upon coordination, but parallels the arrangement adopted by the corresponding free ligand in the solid state [22] .
As observed in each of the structures reported above, the crystal packing is again dominated by π-π stacking. Adjacent molecules once more form a dimeric arrangement with close Ni-O contacts (3.19 Å) . Neighbouring dimers undergo further offset face-to-face π-π interactions to form one-dimensional chains. Each of these chains then interact with others to yield a herringbone type motif through edge-to-face π-π stacking, leading to the formation of infinite sheet-like two-dimensional layers. The disordered solvent molecules are located between the layers.
Conclusions
The results presented in this study are noteworthy on at least three counts. 
